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LCD, AND DRIVING DEVICE AND METHOD THEREOF 



BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The present Invention relates to a liquid crystal display and an apparatus and 
method for driving the same. More specifically, the present invention relates to a liquid 
crystal display capable of realizing a pre-charging method even in the random data- 
enable mode, and an apparatus and method for driving the same. 

(b) Description of the Related Art 

In general, a liquid crystal display (LCD) is a display device in which an electric 
field is applied to a liquid crystal layer having anisotropic dielectric constant permitlvity 
sandwiched between two substrates, said electric field being adjusted to control the 
amount of light incident upon the substrates and thereby obtain a desired image. Such 
LCDs, including inter alia, a flat panel type display (FPD) that is very handy to carry, 
and a thin film transistor (TFT) LCD using a TFT as a switching element are, widely 
used. 

Increased resolution of the LCD has lead to a rapid reduction of the pixel 
charging time needed. A pre-charging method as illustrated in FIG. 1 is used in order to 
compensate for the reduced charging time. The term "pre-charging method" as used 
herein refers to a method of charging a specific pixel over time that involves previously 
charging a corresponding pixel with data of an adjacent pixel (i.e. a pixel adjacent to the 
conrresponding pixel) having the same polarity as the corresponding pixel so as to 
invert the polarity of the pixel and thereafter charging the adjacent pixel with the data of 
the corresponding pixel. 



A conventional gate signal usually appears every frame. However, as illustrated 
in FIG. 1, the typical pre-charging method compensates for the charging time in such a 
manner that an additional pre-charging gate pulse is used to previously charge the N-th 
pixel with the data of the (N-1 )-th pixel having the same polarity as the N-th pixel prior to 
charging with the data of the N-th pixel. 

More specifically, two vertical sync start signals STV have to be fed into the 
gate driver in order to generate a pre-charging gate pulse. For this purpose, use is 
made of a method of previously generating the vertical sync start signals STV at a 
designated position using a counter for a frame blank interval. 

The data-enable (DE) mode makes the data-enable (DE) signal 'high' only 
during the interval having effective data. Driving the LCD without any problem, even 
with an irregular interval of the effective data, would be wanted. However, the 
conventional method using the counter is problematic in that it does not display an 
image when the interval of the effective data is irregular. 

When the output interval of the effective data is irregular, i.e., in the random DE 
mode, the blank intervals of data-enable signals (for example, t1 and t2) are not 
conformable with each other, the consequence of which is failure to obtain a normal 
display of the LCD image. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to solve the above problem regarding 
non-conformability and to provide an LCD capable of displaying all data even though a 
data-enable signal is randomly input. 

It is another object of the present invention to provide an apparatus for driving 
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the LCD. 

It is further another object of the present invention to provide a method for 
driving the LCD. 

In one aspect of the present invention, to achieve the first object, there is 
5 provided an LCD including: a timing controller for receiving external image data, and 
outputting a vertical sync start signal based on a data-enable signal having an irregular 
output interval to control the output of the image data, the vertical sync start signal 
having a generation interval associated with a blank interval of the data-enable signal; a 
data driver for converting the image data; a gate driver for sequentially applying both 
ifi first and second gate-on voltages to a same gate line, wherein the first gate-on voltage 
SI is to drive a previous line being most adjacent to and having the same polarity as a 

; «;: 
•:3? 

ill present line, and the second gate-on voltage is to drive the present line; and an LCD 
^il panel being first charged with the first gate-on voltage supplied from the gate driver, 
!l{ and secondly charged with the second gate-on voltage, wherein the LCD panel displays 
lEj the image data received from the data driver during the second charging, 
i^l In another aspect of the present invention, to achieve the second object, there 

is provided an apparatus for driving an LCD that includes an LCD panel having a 
plurality of data and gate lines, which charges a specific pixel by first charging the data 
of an pixel adjacent to the specific pixel and having the same polarity as the specific 
20 pixel to change the polarity of the conresponding pixel, and second by charging the data 
of the specific pixel, the LCD including: a timing controller for receiving external image 
data, and outputting a vertical sync start signal based on a data-enable signal having an 
irregular output interval to control the output of the image data, the vertical sync start 
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signal having a generation interval associated with a blank interval of the data-enable 
signal; a data driver for converting the image data and outputting the converted image 
data to the data line of the LCD panel; and a gate driver for applying a first gate-on 
voltage to the gate line of the LCD panel to perform a first charging, and a second gate- 
on voltage to the gate line to perform a second charging, based on the vertical sync 
start signal, and controlling display of the converted image data supplied from the data 
driver during the second charging, wherein the first gate-on voltage is to drive a 
previous line being most adjacent to and having the same polarity as the present line, 
and the second gate-on voltage is to drive the present line. 

In still another aspect of the present invention to achieve the above and other 
objects, the timing controller preferably includes: an internal data-enable converter for 
receiving the data-enable signal having an irregular output interval, and outputting an 
internal data-enable signal shifted by a predetermined number of lines; a counter for 
counting the data-enable signals applied to the internal data-enable converter to output 
first and second switching signals; a control signal generator for receiving the internal 
data-enable signal shifted by the predetermined number of lines to output a control 
signal for driving the LCD panel; a first switch having one input path and a plurality of 
output paths, for determining an output path of the image data signal based on the firet 
switching signal; a memory section having a plurality of memories for respectively 
storing image data received via the first switch, and outputting the stored image data as 
the image data of the next line is applied to the timing controller; and a second switch 
having a plurality of input paths and one output path, for detemiining the input path of 
the image data received from the memory section based on the second switching 



signal, and outputting the image data to the data driver. 

In still another aspect of the present invention, to achieve the third object, there 
is provided a method for driving an LCD that includes an LCD panel having a plurality of 
data and gate lines, which charges a specific pixel by first charging the data of an pixel 
5 adjacent to the specific pixel and having the same polarity as the specific pixel to 
change the polarity of the corresponding pixel, and second charging the data of the 
specific pixel, the method including: (a) receiving image data from an external image 
signal source and a data-enable signal for controlling output of the image data; (b) 
checking whether the data-enable signal has been received, sequentially recording the 
id^: image data on a predetermined number of built-in memories upon receiving the data- 
H enable signal, sequentially extracting the recorded image data, and generating an 
ill internal data-enable signal upon extraction of the image data to output a vertical sync 
ijl start signal having a generation interval associated with a blank interval of the data- 
Q enable signal; (c) applying a voltage corresponding to the image data to the data lines; 
and (d) sequentially applying both first and second gate-on voltages based on the 

III 

vertical sync start signal, wherein the first gate-on voltage is to drive a previous line 
being most adjacent to and having the same polarity as the present line, and the 
second gate-on voltage is to drive the present line. 

Preferably, the data extraction based on the output of the vertical sync start 
20 signal in step (b) includes: (b-11) initializing a line count value and an internal flag; (b- 
12) checking whether the data-enable signal is present; (b-13) increasing the line count 
value by one and checking whether the updated line count value is greater than a first 
number of lines, which is the number of gate lines plus one, when the data-enable 
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signal exists in step (b-12); (b-14) returning to step (b-12) wlien the updated line count 
value is equal to or less than the first number of lines, and generating a memory 
extraction flag signal to extract the data when the updated line count value is greater 
than the first number of lines; (b-15) checking whether the updated line count value is 
5 equal to the number of gate lines, and if not, returning to step (b-12); (b-16) generating 
an internal flag signal and increasing an internal flag count value by one, when the 
updated line count value is equal to the number of gate lines in step (b-15) or when the 
data-enable signal does not exist in step (b-12); and (b-17) comparing the updated 
interval flag count value with the first number of lines, ending the flow of the method 

iQp when the internal flag count value is greater than the first number of lines, and returning 

n 

Si to step (b-1 6) when the internal flag count value is equal to or less than the first number 
ill of lines. 

Preferably, the data recording based on the output of the vertical sync start 
jlj signal in step (b) includes: (b-21) initializing a line count value; (b-22) checking whether 
isjji the data-enable signal is present, ending the flow of the method when the data-enable 
[tj signal does not exist, and increasing the line count value by one when the data-enable 
signal exists; (b-23) generating a memory recording flag signal to record the data; and 
(b-24) checking whether the updated line count value in step (b-22) is equal to the 
number of vertically arranged gate lines, ending the flow of the method when the 
20 updated line count value is equal to the number of gate lines, and returning to step (b- 
22) when the updated line count value is not equal to the number of gate lines. 

The LCD and the apparatus and method for driving the LCD use a built-in 
counter based on input data-enable signals to output an LCD control signal to a proper 
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position in spite of the irregular positions of the input data-enable signals, which allows 
a normal display of all data in the presence of random inputs of the data-enable signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and constitute a part of 
the specification, illustrate an embodiment of the invention, and, together with the 
description, serve to explain the principles of the invention: 

FIG. 1 is a waveform diagram illustrating a pre-charging gate pulse; 

FIG. 2 is a waveform diagram illustrating the blank interval of a data-enable 
signal in the random DE mode; 

FIG. 3 is a diagram illustrating an LCD using the pre-charging method in 
accordance with an embodiment of the present invention; 

FIG. 4 is a detailed diagram of the timing controller shown in FIG. 3; 

FIG. 5 is a waveform diagram illustrating a vertical sync start signal for pre- 
charging in the random DE mode in accordance with an embodiment of the present 
invention; 

FIG. 6 is a flow chart illustrating generation of the vertical sync start signal when 
extracting data from a memory in accordance with an embodiment of the present 
invention; and 

FIG. 7 is a flow chart illustrating generation of the vertical sync start signal when 
recording data in a memory in accordance with an embodiment of the present 
invention. 



DETAILED DESCRIPTIQN OF THE PREFERRED EMBQDIMENTS 

In the following detailed description, only the preferred embodiment of the 



invention has been shown and described, simply by way of illustration of the best mode 
contemplated by the lnventor(s) of carrying out the invention. As will be realized, the 
invention is capable of modification in various respects, all without departing from the 
invention. Accordingly, the drawings and description are to be regarded as illustrative in 
nature, and not restrictive. 

FIG. 3 is a diagram illustrating an LCD using a pre-charging method in 
accordance with an embodiment of the present invention. 

Referring to FIG. 3, an LCD using a pre-charging method in accordance with an 
embodiment of the present invention, comprises a timing controller 100, a data driver 
200, a gate driver 300, and an LCD panel 400. 

The timing controller 100 receives an RGB data signal DATA and a data-enable 
signal DE from an external graphic controller (not shown) and outputs to the data driver 
200 the corresponding RGB data signal data, a horizontal start signal STH for RGB 
data transmission, and a TP (or LOAD) signal for starting the output to a data driver IC 
after the completion of the RGB data transmission. 

The timing controller 100, receiving the RGB data signal DATA and the data- 
enable signal DE from the external graphic controller (not shown), also outputs to the 
gate driver 300 a gate clock signal CPV for selection of the next gate line, a vertical 
sync start signal STV for selection of the first gate line, and an output enable signal OE 
for controlling the output of the gate drive IC. 

In particular, the vertical sync start signal STV output from the timing controller 
100 according to the present invention includes not only a gate pulse for substantially 
driving the gate lines but also a gate pulse for pixel data applied to a most adjacent 



8 



gate line (e.g., the (N-2)'th gate line) having the same polarity as the present gate line 
(e.g., the N'th gate line), namely, a pre-charging gate pulse. 

The data driver 200 comprises a plurality of data driver IC's to generate a 
plurality of data signals STH and TP for the LCD panel 400 based on a plurality of 

5 control signals received from the timing controller 100. The data driver 200, for 
example, latches the individual RGB data sequentially received in accord with the 
applied TP signal to change a dot-at-a-time scanning timing system to a line-at-a-time 
scanning system, and outputs a plurality of data signals Di, D2, Dm-i and Dm to the 

i , data lines of the LCD panel 400. 

if I The gate driver 300 comprises a plurality of gate driver IC's and sequentially 

j|l applies a gate-on signal to gate lines based on the control signals CPV, STV and OE 

ni 

SI received from the timing controller 100, turning on the TFT. 

i. ^ 3 

;!^^ In particular, because the vertical sync start signal STV output from the timing 

I J controller 100 according to the present invention includes a control signal to apply a 

ill 

ig gate pulse for pixel data to a most adjacent gate line having the same polarity as the 
present gate line, as well as a control signal to apply a gate pulse to the present gate 
line, the gate-on voltage output from the gate driver 300 includes two gate lines for 
every frame to perform a previous charging with a gate pulse of the most adjacent 
previous line and thereafter substantially drive the gate lines of the LCD panel with the 
20 gate pulse of the present line. 

The most adjacent line may be the first, the second, or the third previous line, 
or the like, that has the same polarity as the present line. 

The LCD panel 400 has a plurality of gate lines for transmission of a gate-on 
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signal supplied from the gate driver 300, and a plurality of data lines for transmission of 
a data voltage from the data driver 200. The regions surrounded with the gate and data 
lines form the respective pixels, each of which includes a thin film transistor (TFT) (not 
shown) with gate and source electrodes connected to the gate and data lines, 
respectively, and pixel and storage capacitors (not shown) connected to the drain 
electrode of the TFT, thus displaying specific image information. 

In particular, according to the present invention, the gate-on signal applied from 
the gate driver 300 has two gate pulses every frame to previously perform charging with 
the gate pulse of the most adjacent line having the same polarity as the data applied to 
the present gate line for driving the present frame and for displaying RGB image data 
applied from the data driver 200 for driving the present line. 

FIG. 4 is a detailed diagram of the timing controller shown in FIG. 3, and FIG. 5 
is a wavefonn diagram illustrating a vertical sync start signal for pre-charging in the 
random DE mode in accordance with an embodiment of the present invention. 

Referring to FIG. 4, the timing controller 100 according to the embodiment of 
the present invention includes an internal DE converter 110, a counter 120, a control 
signal generator 130, a first switch 140, a first memory 150, a second memory 160, a 
third memory 170, and a second switch 180. 

The internal DE converter 110 receives a data-enable signal DE supplied from 
the graphic controller (not shown), more specifically a random DE signal, and outputs a 
two-line shifted internal data-enable signal DE' to the control signal generator 130. The 
output of the intemal data-enable signal DE' is associated with the counting operation 
of the counter 120. The internal data-enable signal DE' is output in synchronization with 
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the rising of the input DE from the third line of the randonn DE signal. 

The counter 120 checks the input of the random DE signal applied to the 
internal DE converter 110, and when applying every frame, outputs a first switching 
signal to the internal DE converter 1 10 and the first switch 140 and a second switching 
signal associated with the first switching signal to the second switch 180. 

The counter 120 further outputs the first switching signal to the internal DE 
converter 110 to control the output of the internal data-enable signal, and automatically 
generates the internal data-enable signal corresponding to the last two lines to 
compensate for the internal data-enable signal of the two missing lines. 

The blank interval of the internal data-enable signal thus generated 
automatically may be the interval of a specific internal data-enable signal (for example, 
the internal data-enable signal copied in correspondence to the just previous line) or an 
interval that is usually defined. 

The control signal generator 130 receives the two-line shifted intemal enable 
signal DE' from the internal DE generator 110 and outputs control signals STH, TP, 
CPV, STV and OE for driving the LCD panel 400, to the data driver 200 and the gate 
driver 300. 

In particular, the vertical sync start signal STV for realizing the pre-charging 
method according to an embodiment of the present invention applies a control signal to 
the gate driver 300 to output the gate pulse for the pixel data corresponding to the line 
prior to two lines from the current line as well as a control signal to output the gate pulse 
to the present line. 

The first switch 140 comprises one port input terminal and three port output 



11 



terminals and sequentially outputs the RGB image data signals applied from the graphic 
controller (not shown) to the first, second and third memories 150, 160 and 170 via any 
one of the three port output tenninals in response to the first switching signal from the 
counter 120. 

The first, second and third memories 150, 160 and 170 sequentially store the 
RGB image data received via the first switch 140 and output the stored RGB image 
data to the second switch 180 when the RGB image data of the next line are applied. 

More specifically, in the case where the first, second and third memories 150, 
160 and 170 comprise dual port memories that simultaneously perform read and write 
operations, the first, second and third image data are stored in the first, second and 
third memories 150, 160 and 170, respectively, and the first image data are output from 
the first memory 150 when the fourth image data are stored in the first memory 150. 

On the other hand, in the case where the first, second and third memories 150, 
160 and 170 comprise signal port memories that differently perform read and write 
operations, the first and third image data are stored in the first and second memories 
150 and 160, respectively, and the first image data are output from the first memory 
150 when the third image data are stored in the third memory 170. 

The memory as used herein is a line memory capable of simultaneously 
applying RGB image data stored in every gate line. 

The second switch 180 comprises three port Input terminals and one port 
output temiinal and sequentially outputs the RGB image data signals applied from the 
first, second and third memories 150, 160 and 170 to the data driver 200 in response to 
the second switching signal from the counter 120. 



12 



Now, a description will be given as to the generation algorithm of the vertical 
sync start signal STV for realizing the pre-charging method in the random DE mode 
according to the present invention as described above. 

First, the three line memories 150, 160 and 170 are sequentially used to store 
RGB image data such that RGB image data for two lines (i.e., k-th and (k+1)-th lines) 
are stored in the first and second memories 150 and 160, respectively. 

Sequentially, the data stored in the first memory 150 two lines prior are output 
to the data driver 200 while storing the RGB image data for the third line (i.e., (k+2)-th 
line) in the third line memory 170. 

The internal DE signal DE' is generated in synchronization with the rising of the 
input DE signal from the third line of the input DE signal, because all LCD control 
signals STH, HCLK, OE and CPV are generated based on the DE signal and the 
internal DE signal DE' has to be generated after the two lines. 

It is, however, impossible to generate the internal DE signals corresponding to 
the last two lines if the Internal data-enable signal DE' is generated in such a way. To 
solve this problem, the counter 120 is used to determine which internal DE is generated 
for the present input data and to automatically generate an internal data-enable signal 
DE' corresponding to the last two lines. The blank width of the internal data-enable 
signal DE' is that of the normal data-enable signal. 

Now, descriptions will be given as to a method for extracting data from a line 
memory and a method for recording data on the line memory based on the above- 
mentioned vertical sync start signal generating algorithm for realizing the pre-charging 
method in the random DE mode. 
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FIG. 6 is a flow chart illustrating generation of the vertical sync start signal when 
extracting data from a line nnemory in accordance with an embodiment of the present 
invention. 

Referring to FIG. 6, a line count value and an intemal flag are first initialized at 
5 zero ('0'), in step s110. The internal flag is a signal used to form an extraction part of 
the memory in the interval destitute of a data-enable signal DE. 

Subsequently, it is checked in step s120 whether the data-enable signal DE is 
present. If so, one ('1') is added to the line count value in step s130 and it is checked in 
step s140 whether the line count value is greater than the number of gate lines plus 
i(f ? one, i.e., N+1 . The number of gate lines represents an interval between the two vertical 
y sync start signals STV. 

m If the line count value is not greater than N+1 , the flow of the procedure returns 

IJl to the routine of step s120. Otherwise, if the line value is greater than N+1 , a memory 

ii: 

CI extraction flag signal is generated to extract the data, in step s150. 

f 1 i 

ift It is then checked in step s160 whether the line count value is equal to the 

number of vertical lines. If not, the flow of the procedure returns to the routine of step 
s120. 

If the line count value is equal to the number of vertical lines in step s160, or if 
there is no data-enable signal DE in step s120, the internal flag signal is generated and 
20 one C1 ') is added to the internal flag count value, in step s1 70. 

It is then checked in step s180 whether the internal flag count value is greater 
than the number of gate lines plus one, i.e., N+1 . If not, the flow of the procedure goes 
to step s170; and otherwise, the flow ends. 



14 



FIG. 7 is a flow chart illustrating generation of the vertical sync start signal when 
recording data on a line memory in accordance with an embodiment of the present 
invention. 

Referring to FIG. 7, a line count value is first Initialized at zero ('0'), in step 
s210. It is then checked in step s220 whether a data-enable signal DE is present. If so, 
one ('1') is added to the line count value, in step s230, and a memory recording flag 
signal is generated to record the data, in step s240. 

Subsequently, it is checked in step s250 whether the line count value is equal 
to the number of vertical lines. If not, the flow of the procedure goes to step s220; and 
othenwise, the flow ends. 

As described above, even through the data-enable signal to control the output 
of the RGB image data in the LCD using the pre-charging method is randomly applied, 
the internal data-enable signal is generated in synchronization with the rising of the 
data-enable signal input after two lines for the input data-enable signal, so that the 
generation interval of the LCD control signals can be changed to produce a normal 
display of an image. 

The internal data-enable signals corresponding to the last two lines are 
automatically generated using a built-in counter to compensate for the missing internal 
data-enable signals of the two lines. Preferably, the blank interval of the internal data- 
enable signals automatically generated is constant at all times. 

While this invention has been described in connection with what is presently 
considered to be the most practical and preferred embodiment, it is to be understood 
that the invention is not limited to the disclosed embodiments, but, on the contrary, is 
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intended to cover various modifications and equivalent arrangements included within 
the spirit and scope of the appended claims. 

As described above, the present invention uses a built-in counter based on 
input data-enable signals supplied from an external graphic controller so that an LCD 
control signal can be generated in spite of the irregular positions of the input data- 
enable signals. This allows a normal display of all data even though the data-enable 
signals are randomly input. 
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